Objective: Celiac disease is a permanent intolerance to gluten, probably induced by an autoimmune mechanism. Controversy exists regarding the association between celiac disease and infertility, abortions, intra-uterine growth restriction (IUGR) and stillbirths. The present study was designed to investigate pregnancy outcome of patients with celiac disease. Methods: A retrospective comparison between all pregnancies of women with and without known celiac disease, delivered during the years 1988-2002, was conducted. Results: During the study period there were 48 deliveries of patients with celiac disease and 143,663 pregnancies of patients without known celiac disease. No statistically significant differences were noted between the groups regarding maternal or perinatal outcomes, including fertility treatments (0% among patients with known celiac versus 2.5% among patients without known celiac sprue; p = 0.267), recurrent abortions (0 versus 5.2%; p = 0.103), perinatal mortality (2.1 versus 1.4%; p = 0.668). However, higher rates of labor induction (29.2 versus 11.9%; p < 0.001) and IUGR (6.3 versus 2.1%; p = 0.042) were found among patients with celiac disease as compared to patients without known celiac disease. Conclusion: The course of pregnancy of patients with celiac disease including perinatal outcomes is favorable. Since we found higher rates of IUGR, careful surveillance should be performed for early detection of IUGR. Further, prospective studies should focus on screening for celiac disease among patients presenting with IUGR of an unknown etiology. #
Introduction
Celiac disease is a permanent intolerance to gluten. It is commonly manifested by malnutrition resulting from inflammatory injury causing pathological changes in the small intestinal mucosa following the ingestion of wheat gluten or related rye and barley deleterious proteins [1] . These changes are usually reversible on a strict gluten-free diet [1] . Celiac disease probably results from an inappropriate T-cell mediated autoimmune response against ingested gluten in genetically susceptible patients [2] .
Celiac disease has a wide spectrum of non-gastrointestinal symptoms [1] . Controversy exists regarding the association between celiac disease and reproductive performance [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Several authors suggested higher rates of infertility, recurrent abortions, intra-uterine growth restriction (IUGR) and stillbirths among patients with celiac disease [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . However, most studies rely on celiac sprue investigation among patients with an unfavorable pregnancy outcome and not on population-based screening results. On the contrary, other studies reported a neglected association between celiac and reproductive disorders and even comparable perinatal outcome of patients with and without celiac sprue [14] [15] [16] [17] .
The present study was designed to investigate obstetric risk factors and pregnancy outcome of patients with prediagnosed celiac disease.
Materials and methods
A retrospective population-based study comparing all pregnancies of women with and without known celiac disease (International Classification of Disease 9 code 579.0) was performed. Deliveries occurred during the years 1988-2002 at the Soroka University Medical Center. This is the sole hospital in the Negev, the southern part of Israel and it serves the entire obstetrical population in this region. The population compose of Jewish and Bedouin Arabs. While the Jewish represents any Western society, the Bedouins are a traditional society, which attributes great importance to familial cohesiveness and to fertility and suffers from indigent economic status [18] [19] [20] . The Bedouins tend to have lower compliance to prenatal care services due to objective problems of access (physical distance, need to be accompanied when traveling, etc.), cultural barriers (avoiding invasive procedures) and personal choices [18] [19] [20] . Celiac sprue was pre-diagnosed according to the referral documents and patients were basically treated with glutenfree diet. Importantly, patients presenting for routine prenatal care were not offered celiac screening.
Data were collected from the computerized perinatal database that consists of information recorded by an obstetrician. Coding is done after assessing the medical prenatal care records as well as the routine hospital documents. The following clinical characteristics were evaluated: maternal age, gestational age, parity, gravity, ethnicity (i.e. Jewish or Bedouin Arabs), smoking, maternal anemia during pregnancy (hemoglobin < 10 g/ dl), maternal obesity, birth-weight and neonatal gender. The following obstetrical risk factors were examined: previous cesarean delivery (CD), recurrent abortions (two or more consecutive spontaneous abortions), fertility treatments, hypertensive disorders [21, 22] , gestational and pre-gestational diabetes mellitus [23] , intra-uterine growth restriction (IUGR) [24] and premature rupture of membranes (PROM).
The following labor characteristics and perinatal outcomes were assessed: labor induction, placental abruption, placenta previa, meconium-stained amniotic fluid, vacuum extraction, CD, post-partum hemorrhage, Apgar score at 1 and 5 min less than 7, congenital malformations and perinatal mortality. The local ethics institutional review board approved the study.
Statistical analysis was performed with the SPSS package (SPSS, Chicago, IL). Statistical significance was calculated using the chi square test or Fisher's exact test for differences in qualitative variables and the t-test for differences in continuous variables. A multivariable logistic regression model was constructed in order to find independent risk factors associated with celiac sprue. Odds ratios (OR) and their 95% confidence interval (CI) were computed. p < 0.05 was considered statistically significant.
Results
During the study period there were 48 deliveries of patients with known celiac disease and 143,663 pregnancies of patients without celiac disease. 88.4% of the celiac patients had one delivery and 11.6% had two deliveries during the study period. No statistically significant differences were noted between the groups regarding clinical characteristics such as birth order (number of pregnancies and deliveries), maternal or gestational age, birth-weight and neonatal gender ( Table 1) .
Obstetric risk factors are presented in Table 2 . There were higher rates of IUGR among parturients with known celiac disease as compared with the comparison group. No cases of recurrent abortions or fertility treatments were noted among patients with known celiac disease.
Patients with known celiac sprue were more likely to have labor induction as compared to the non-celiac parturients (Table 3) . No significant differences were noted between the groups regarding perinatal outcomes such as low Apgar scores, congenital malformations or perinatal mortality.
Using a multivariable logistic regression model, controlling for maternal age and gestational age, a near-significant association ( p = 0.051) was noted between IUGR and celiac sprue (Table 4) .
Discussion
The major finding of our study is that known celiac sprue is not associated with adverse pregnancy outcome. Since, most studies investigating reproductive outcome of patients with celiac disease reported higher rates of infertility, recurrent abortions and IUGR [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , our results stand in accordance with very few studies, documenting negative results [13, 15] . Of exception, is the high rate of IUGR among patients with celiac disease as compared with the rest of our population.
Higher rates of IUGR were found among patients with celiac sprue. Likewise, several articles noted higher rates of IUGR and/or low birth-weight newborns among these patients [3, 4, 9] . It is reasonable to assume that maternal under-nutrition, due to improper diet introducing gluten, affects fetal weight-gain. Ciacci et al. [4] compared birthweights of 94 untreated patients with celiac disease with 31 celiac patients on a gluten-free diet. High risk of low birth-weight newborns was documented in the untreated celiac group. Norgard and colleges [9] conducted a nationwide historical cohort study including 211 newborns to 127 patients with celiac sprue. Higher rates of IUGR and low birth-weight were documented among patients with celiac disease, before hospitalization and treatment. However, after treatment, the birth-weight and the rates of IUGR were comparable to patients without celiac sprue. These studies indicate that improvement of the disease associated with gluten-free diet may advance fetal nutritional support and prevent the occurrence of IUGR [4, 9, 12] . However, it is possible that because these women had close monitoring, more IUGR cases were detected. While no statistically significant differences were noted regarding birth-weight between the groups, a non-significant tendency towards higher rates of low birthweight newborns (<2500 g) was illustrated (OR = 1.9, 95% CI 0.8-4.2; p = 0.09). It seems that the main concern in the existing literature is the high rates of abortions and fertility treatments. Interestingly, no cases of recurrent abortions and fertility treatments were recorded among patients with celiac sprue in our study. Importantly, many studies investigated these outcomes using questionnaires [6, 7] . Data regarding previous fertility treatments and abortions may be affected by a recall bias, i.e. underreport of complications among the healthy parturients [12] . Such bias is unlikely in our commuted database, where information is recorded directly after delivery by an obstetrician. Kolho and co-authors screened all patients with either unexplained infertility or recurrent abortions for celiac disease, with anti-endomysial antibodies and could not find any association between celiac disease and these outcomes [15] . Likewise, Collin et al. [16] found a weak association between celiac disease and infertility ( p = 0.06), but none of the 50 women with recurrent abortions had celiac sprue. Recently, Tata et al. [17] evaluated fertility rate in women with celiac disease and found that overall, women with celiac sprue have similar fertility as compared to the general population, but they tended to delay childbearing. Thus, it seams that further studies are needed to verify the association between celiac and infertility or recurrent abortions. There are several inherent limitations to this study. Our data do not include information regarding severity, length and compliance for gluten-free diet. Obviously, compliance with a gluten-free diet is a major factor leading to favorable perinatal outcome [9] . We assume that since these patients were pre-diagnosed, they complied with a gluten-free diet, at least at the beginning of their pregnancies. This could partially explain the favorable perinatal outcome of patients with celiac sprue in our analysis. Additionally, the diagnosis of celiac disease is problematic since in addition to the typical presentation, some non-typical and/or latent forms of the illness have been described [1, 25] . Apparently, with an expected prevalence of 1:300 [1] , many sub-clinical cases were under-diagnosed. However, recently Greco et al. [13] established that undiagnosed celiac disease was not associated with unfavorable perinatal outcome. Consequently, assuming that all complicated cases were entered, our results are encouraging, since most outcomes investigated were favorable.
In conclusion, the course of pregnancy of patients with celiac sprue including perinatal outcomes is favorable. However, higher rates of IUGR were found among these patients. Careful surveillance should be performed among patients with celiac for early detection of IUGR. Also, based on the existing literature, the physician should encourage patients with celiac sprue to maintain a glutenfree diet since treatment throughout pregnancy was found to be an important denominator in the prevention of IUGR [9] . Further, prospective studies should focus on screening for celiac disease among patients presenting with IUGR of an unknown etiology since suitable gluten-free nutrition might enhance fetal weight-gain.
